Abstract: Norway has a political goal to minimize the loss of cultural heritage due to removal, destruction or decay. On behalf of the national Directorate for Cultural Heritage, we have developed methods to monitor Cultural Heritage Environments. The complementary set of methods includes (1) landscape mapping through interpretation of aerial photographs, including field control of the map data, (2) qualitative and quantitative initial and repeat landscape photography, (3) field recording of cultural heritage objects including preparatory analysis of public statistical data, and (4) recording of stakeholder attitudes, perceptions and opinions. We applied these methods for the first time to the historical clustered farm settlement of Havrå in Hordaland County, West Norway. The methods are documented in a handbook and can be applied as a toolbox, where different monitoring methods or frequency of repeat recording may be selected, dependent on local situations, e.g., on the landscape character of the area in focus.
Introduction
Designation and protection of natural and cultural heritage monuments and sites by law have been on national and international policy agendas for several decades. Examples include the International Council on Monuments and Sites established in 1965 [1] , and the UNESCO World Heritage Convention of 1972 [2] . However, designation as valuable heritage does not always ensure protection. Sometimes, other interests are considered more important, and designated heritage is lost as part of planned development. An example is the Dresden Elbe Valley, where construction of a four-lane bridge was considered to irreversibly damage the heritage value of the landscape [3] .
In areas protected by law, such developments or other potentially destructive actions are usually prohibited. However, even when negative interventions are prevented, the preservation of cultural heritage is not necessarily guaranteed. Some threats can only be avoided by active heritage management. Examples are weathering, destructive attacks by living organisms, wear and tear by large numbers of visitors, and intensification or abandonment of human land uses. In many cultural landscapes, various types of land use may either threaten, promote, or be a prerequisite for maintaining heritage values [4] . Therefore, any landscape protected by law will over time need some form of monitoring, to document how far protection values are maintained and whether management measures may be necessary. On a global level, UNESCO States Parties are obliged to regularly report on the state of conservation and protection measures put in place at their sites [5] . Although Norwegian authorities acknowledge that some loss of cultural heritage over time may be inevitable, their aim is to keep the loss low. The Governmental White Paper no. 21 (2004-2005) [8] stated that (1) the annual loss of valuable cultural heritage sites and environments through removal, destruction or decay shall be minimized and not exceed 0.5% by 2020, and (2) protected and valuable cultural heritage sites and environments shall be secured and in good repair by 2020. In order to measure whether these goals are achieved, a monitoring system is needed. Whilst UNESCO's Periodic Reporting requests many indicators, it does not prescribe how the indicators should be measured. Only half of Europe's UNESCO properties have comprehensive monitoring programmes with indicators relevant to management needs, and lack of effective monitoring is a shared concern throughout Europe [9] . Monitoring is considered particularly difficult to implement in cultural landscapes. Internationally, landscape-scale monitoring of cultural heritage often concentrates on specific hazards, such as effects of logging operations [10] , or deformation and vulnerability to landslides due to tectonic activity [11, 12] or hydrology [13] . National monitoring programmes often focus on land use, vegetation and biodiversity [14, 15] , although there are some that span both natural sciences and humanities that we can learn from, such as the Swiss Landscape Monitoring Program [16] , work in Sweden [17, 18] and the Norwegian 3Q Programme [19, 20] . However, Compared to monuments and sites, Cultural Heritage Environments occupy a larger geographical extent (land area of 0.1-2.5 km 2 , with one exception; Table 1) , and compared to the Protected Landscapes of the Nature Conservation Act [7, 21] (n = 194, average size: 88.8 km 2 [22] ) they are much smaller. Moreover, they require an interdisciplinary approach to material and immaterial protection values, and to landscape elements that may be more or less natural or cultural. The requirements for monitoring Cultural Heritage Environments are therefore complex. The Directorate for Cultural Heritage, having the responsibility of reporting to the Norwegian Government, commissioned the Department of Landscape Monitoring at the Norwegian Institute of Bioeconomy Research (NIBIO) to 1) develop a method for long-term monitoring of protected Cultural Heritage Environments, and 2) demonstrate the method by conducting a first round of monitoring of one environment.
In the following sections, we describe the Cultural Heritage Environment selected to demonstrate monitoring methods, and propose four modules for a comprehensive monitoring programme: (1) Aerial photo interpretation to detect land cover and land use change, (2) Landscape photography on the ground to survey visually perceivable landscape qualities, (3) Field survey to monitor the status of selected heritage objects, and (4) Public participation to record immaterial landscape heritage and perceptions. Based on results from the demonstration area, we discuss strengths and weaknesses of the different methods, including practical considerations when implementing a monitoring programme and reflections on how results from monitoring should provide feedback to management.
Materials and Methods

Study Area: Havrå
A major challenge for developing a universal monitoring system for all protected Cultural Heritage Environments is the broad range of different landscape types covered (Table 1) . We chose Havrå as a good example for developing the method, since it includes both a clear focal area, the clustered farm settlement and infields, together with a wider landscape and outfields containing scattered physical heritage remains, where the cultural heritage context may be more or less obvious in different parts of the landscape and to stakeholders with different levels of knowledge.
Havrå was protected on 4th December 1998, as the first Cultural Heritage Environment under the Cultural Heritage Act § 20. According to the legal Rule, protection applies to «the entire farm with fields and meadows, outfields and infields, buildings, tools, domestic animals and localised, activity-based immaterial cultural heritage» [23] . This is a broad range of values, requiring a multi-facetted monitoring approach, with different methods to collect a large variety of data.
Most clustered farm settlements disappeared from Western Norway during the second half of the 1800s and early 1900s, due to a national process of land consolidation. However, Havrå remained as a clustered settlement with a very mixed structure of small infield properties of multiple families, and jointly owned outfields (Figure 1 ). Not only were the original buildings preserved, but also the field structure and pre-industrial farming practices. By 1930, Havrå was already recognised as an important cultural heritage landscape, which helped preserve it from the further changes of the 1900s, even without protected status [23] . In 1952, the place became nationally well-known thanks to a documentary film, shown in Norwegian cinemas, describing the life and activities of the villagers during the course of a year. field structure and pre-industrial farming practices. By 1930, Havrå was already recognised as an important cultural heritage landscape, which helped preserve it from the further changes of the 1900s, even without protected status [23] . In 1952, the place became nationally well-known thanks to a documentary film, shown in Norwegian cinemas, describing the life and activities of the villagers during the course of a year. Today Havrå comprises eight farm holdings. A regional museum conducts historical farming practices on three of them, the others have a rather low degree of individual farming activity, or farming is abandoned. A part of the jointly owned outfields has been transformed into more intensive grassland and is managed by a group of neighbouring local farmers on a rental basis.
Terms and Conditions for Monitoring
The legally binding Rule of Protection defines the landscape heritage values that make the area worthy of protection. This Rule is therefore the point of departure for developing a set of monitoring methods. In certain cases, the contents of the Rule can be elaborated further by official management plans or by information material published by public authorities in charge of protected heritage management.
The Rule for Havrå defines a broad range of landscape heritage values (as quoted in Section 2.1.), and thus demands a broad monitoring approach. Additional information is available from several decades of scholarly and official projects from different scientific fields, and these studies contain more or less detailed descriptions about peculiarities of the area, which are perceived as valuable.
In addition to the year of protection (Table 1) when the Rule of Protection of a Cultural Heritage Environment is enacted, we introduce the following three terms for methodological purposes: reference period, support year and year zero ( Table 2 ).
An important first task for year zero is to collect and "time stamp" all available registry data for the area of interest, such as official databases, property cadastres, existing registers of cultural heritage, etc. This ensures that the data are secured for future study, even if the official databases are changed or no longer maintained. Today Havrå comprises eight farm holdings. A regional museum conducts historical farming practices on three of them, the others have a rather low degree of individual farming activity, or farming is abandoned. A part of the jointly owned outfields has been transformed into more intensive grassland and is managed by a group of neighbouring local farmers on a rental basis.
The Rule for Havrå defines a broad range of landscape heritage values (as quoted in Section 2.1), and thus demands a broad monitoring approach. Additional information is available from several decades of scholarly and official projects from different scientific fields, and these studies contain more or less detailed descriptions about peculiarities of the area, which are perceived as valuable.
In addition to the year of protection ( An important first task for year zero is to collect and "time stamp" all available registry data for the area of interest, such as official databases, property cadastres, existing registers of cultural heritage, etc. This ensures that the data are secured for future study, even if the official databases are changed or no longer maintained.
Mapping from Aerial Photographs
Aerial photography has long been used to analyse landscapes [24] [25] [26] and, more recently, to monitor landscape change [17, 20, 27] . Mapping based on interpretation of aerial photographs can be very cost-effective, especially if standardised mapping instructions are already available that are suited to the scale and goals of the project in focus. Mapping instructions must provide detailed definitions of all the different land types that can be mapped, size thresholds for minimum mapping units (area of polygons, length of linear features, size of features to be recorded as points), and detailed definitions of what constitutes a change when carrying out repeat mapping, e.g., how to deal with shadow, or objects that become obscured by vegetation. It is important that these instructions are well-documented to ensure that future mapping reflects real landscape change and not changes in the way in which the mapping was carried out.
In this project, we used the methods developed in the Norwegian Monitoring Programme for Agricultural Landscapes, the «3Q Programme» [20, 28, 29] . The 3Q mapping instructions are tailored to manual interpretation of aerial photographs for study plots of 1 km 2 in size, i.e., a similar size to most Cultural Heritage Environments (Table 1 ). The 3Q Programme is designed to evaluate the effects of agri-environmental policies on landscape structure, biodiversity, cultural heritage and accessibility in agricultural landscapes. As such, it aims to monitor not only land cover, i.e., the physical cover on the earth's surface (e.g., bare soil, grass, trees, artificial constructions) but also land use, i.e., how people utilize the land (e.g., for arable production, hay making, grazing animals, transport, residential homes, agricultural buildings). We considered the scope of the 3Q Programme to be very similar to the aims of monitoring in Cultural Heritage Environments and the mapping categories seemed appropriate. We use the term land type when not distinguishing between land cover and land use.
An adjustment that we made to the 3Q mapping instructions was to add a category of linear features: hay-drying racks, which are a very important feature in the protected landscape. We also recorded all linear features, regardless of length, whereas 3Q operates with a minimum length of 20 m. As linear features like hay-drying racks and terrace walls in some cases proved difficult to survey from aerial photographs alone, mapping results were verified and adjusted during fieldwork. Two new categories of land use were also introduced, one for hay meadows on very steep slopes, where the soil was too shallow to fulfil the normal 3Q requirement for fully cultivated land, and one for grazed wooded pasture, where the tree density would result in classification as forest in 3Q.
Aerial photographs provide historical documentation that can be referred to in the future if there is any need to double-check information or if new questions should arise that were not considered during previous mapping. For example, a coarse classification of land type can be made more detailed. For our study area, we were particularly interested in what the landscape looked like in the early 1950s, since this is the reference period referred to as the desired status for protecting the area. Fortunately, aerial photographs were available taken in 1951. The older photographs were of poorer quality than the modern photographs, so comparison back in time is somewhat limited thematically and is less reliable than what we expect from future monitoring. We therefore stress that, although 1951 represents the reference period for the landscape protection, the year zero for monitoring is 2015. Aerial photographs cover Norway on average every fifth year, depending on weather and cloud conditions. Ideally, the year zero for monitoring a Cultural Heritage Environment should coincide with a year in which aerial photographs of adequate quality for standardised mapping were taken. In this case, however, the fieldwork was carried out in 2015, while the aerial photographs were from 2013. 
Landscape Photography
Aerial photographs provide a good overview of an entire landscape and positioning of important landscape elements. However, the bird's eye view can be very different from the perspective of people experiencing the landscape on the ground. Therefore, ground photography is also an important method for documenting the visual landscape, capturing both views and individual objects that can be important for landscape experience (e.g., pollarded trees, fences, buildings). We established a first set of photographs for monitoring, which includes both a quantitative and a qualitative approach [30] . The quantitative part involves taking photographs to the north, east, south and west from a systematic grid of pre-defined photo-points. This ensures representative geographical coverage of the entire area. The qualitative part involves adding a photo in a freely chosen direction from the pre-defined photo-points, and adding supplementary photo locations to capture views or objects that would otherwise be missed. This can include establishing photo-points where photographs have been taken in the past, especially if photographs are available from the reference period. The qualitative part ensures good story-telling photographs that can be used to illustrate the relationships between, e.g., cultural heritage and landscape elements and their landscape context.
A total of 50 photo-points were defined by placing a systematic grid of points over the map of the protected area, with a random starting point. We divided the area into two, with 400 m between photo-points in the northern part (11 points) and 100 m between photo-points in the southern part (39 points). The different photo-point densities were a compromise, to ensure an even geographic coverage, whilst being as cost-effective as possible. We felt that 400 m was sufficient to capture the landscape character of the more broad-scale outfield landscape in the north, whilst a denser grid of points was needed to capture the many landscape elements in the fine-scale infield and farmstead landscape of the southern part, elements that are mentioned specifically in the Rule of Protection.
The fieldwork was carried out on the 23rd and 24th of April 2015. The dates were chosen to be before the leaves came out on the trees, so that as much of the landscape and as many landscape elements as possible might be at least partially visible behind tree branches and scrub.
A hand-held GPS was used to navigate to the pre-defined coordinates and a printed map of the photo-points was used to control the position in relation to surrounding landscape features, to guard against GPS inaccuracy. Each photo-point was to be as close as possible to the pre-defined coordinates, but fieldworkers were allowed to move up to 10 m to avoid difficult locations, e.g., in a building, in dense scrub, or on a cliff. If a photo-point was moved, the new coordinates were recorded and the position marked on the map. One pre-defined photo-point proved inaccessible and was dropped. Figure 2 shows the final distribution of photo-points.
Five photos were taken from each photo-point: north, east, south and west, and a freely chosen direction (direction in degrees was recorded). The coordinates of any extra photo-points were recorded and plotted on the printed map, and five photos were also taken at each of these supplementary points. All photographs were taken with the camera lens at a height of 150 cm, using a stick of this length to measure the correct height. The photographers could choose focal length freely, but generally chose wide angle (35 mm) to capture the broadest possible landscape view.
Field Recording of Buildings
Aerial photos provide a good overview of land cover and land use, and ground photography captures visual qualities of the landscape and some landscape elements. However, for detailed monitoring of special landscape elements, targeted recording in the field is necessary, using a standardised method and following clear instructions. In Havrå, as for many of the protected Cultural Heritage Environments, the architectural qualities of buildings are considered very important, and are feasible to record for the entire area. We thus included field recording of buildings into the monitoring. 
Aerial photos provide a good overview of land cover and land use, and ground photography captures visual qualities of the landscape and some landscape elements. However, for detailed monitoring of special landscape elements, targeted recording in the field is necessary, using a standardised method and following clear instructions. In Havrå, as for many of the protected Cultural Heritage Environments, the architectural qualities of buildings are considered very important, and are feasible to record for the entire area. We thus included field recording of buildings into the monitoring.
All buildings and ruins were identified through a combination of aerial photo interpretation, use of the Norwegian Mapping Authority's Cadastre and Land Registry, and the Cultural Heritage Authorities' database "SEFRAK", a nationwide registry of in situ objects of cultural or historic interest [31] . A map of the buildings and all available information about them were taken into the field, and all localities were visited and documented with photographs. One previously unregistered ruin was also discovered during the fieldwork. A list of recording codes was used to fill in a table, registering:
• Roof: shape and material, All buildings and ruins were identified through a combination of aerial photo interpretation, use of the Norwegian Mapping Authority's Cadastre and Land Registry, and the Cultural Heritage Authorities' database "SEFRAK", a nationwide registry of in situ objects of cultural or historic interest [31] . A map of the buildings and all available information about them were taken into the field, and all localities were visited and documented with photographs. One previously unregistered ruin was also discovered during the fieldwork. A list of recording codes was used to fill in a 
Public Participation
The European Landscape Convention [32] requires public participation in landscape planning and management. Public participation can potentially provide knowledge about the landscape qualities that are valued by people, facilitate public engagement in landscape issues, reduce conflicts and lead to better management [33] [34] [35] . Ideally, participation should be included from the start of a protection, planning or designation process. This would ensure that as many people's perspectives and values as possible are considered when determining exactly what to protect and how. The aim would be that Together with the Directorate for Cultural Heritage, we agreed to include participation in the establishment of year zero for the monitoring of Havrå. In a set of Norwegian case studies, ten methods for participation have been shown to be particularly effective [36] , of which in-depth interviews were considered to be most appropriate for monitoring Cultural Heritage Environments. Rather than spread resources over many types of stakeholders, we chose to focus on landowners. This stakeholder group is probably the most influential in the protection and development of the area, and even though individuals may be replaced, landowners will continue to play an important role in the future management of the area. Focusing on one group means that future participation surveys will be more comparable with the first survey, i.e., changes will reflect changes in landowners' attitudes and perspectives and not changes in the mix of different stakeholder types involved.
Informal talks with various stakeholders gave us the impression that most of the landowners in the area were not in regular contact with one another, that there was no culture of community meetings and that there had been some long-term disagreements between individuals. We therefore chose individual interviews as the most appropriate method. An interview guide was written to ensure that we addressed themes with all landowners, including their personal relationship to the area, their values, and their perspectives on landscape protection in general and the protection of the Cultural Heritage Environment in particular.
During the interviews, colour and grey-scale aerial photographs were available, together with maps of the area, including property borders, and other point, linear and polygon data. All interviews started with an interviewer giving an overview of the purpose of the interview, and the conversation was divided into four main sections: (1) the interviewees' personal background in relation to the area, (2) the perceived importance of specific heritage values, including reference to a pre-selected list of thirteen landscape elements considered valuable, (3) an evaluation of different aspects of the area as a Cultural Heritage Environment protected by law, and (4) questions about future expectations and the role of monitoring, and closing remarks, including the opportunity to adjust statements made earlier.
Seven interviews were conducted, two with two people. The nine interviewees represented the owners of all eight farm holdings and one separated property unit. Interviewees included seven men and two women at c.40 to 88 years of age. Four interviews were conducted as part of the fieldwork on 23rd-24th April 2015 ("outreach office"), another on-site interview was conducted on 4th May, one interview by telephone on 27th May, and we received one written response to the interview guide, which had been sent to all interviewees prior to the interviews.
Data Processing, Storage and Management
Data management is an important part of monitoring, to enable accurate and easy comparison between different years. All methodological protocols, including lists of variables, definitions, and standardized recording forms for fieldwork, are stored digitally, together with the data. All objects were given a unique ID and georeferenced for use in a GIS system, e.g., all buildings were represented as polygons, building walls as lines and photo locations as points. Using the unique ID, any variable recorded for an object can be visualized using GIS software (e.g., Figure 2 , Figure 3 and Figure 8 ). The maps can also highlight possible spatial patterns in the occurrence of good practice or threats within a study area. 
Ground Photography
A total of 475 photographs were taken, five photos from each of the 49 pre-defined photo-points and 46 supplementary photo-points. File names were standardised to include information about the location and direction of each photo. Photographs taken from the pre-defined photo-points ensured coverage of the entire protected area. They included buildings and other valued landscape elements (Figure 4) , as well as parts of the area without any prominent elements of defined value, that nevertheless contribute to the landscape character of the area ( Figure 5 ). Figure 3 ).
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Results
Since our aim in this project was primarily to develop a suitable set of methods for monitoring, our focus here in the results section is on our experiences using the different methods and the kind of information gathered from each. Nevertheless, it is useful to illustrate this with actual results from the Havrå Cultural Heritage Environment.
In total, eight NIBIO employees were, to different degrees, involved in project design, data collection, analyses, management, and dissemination through reports (cf. Author contributions and Acknowledgements). The total amount of work spent on the project was approximately three person-months, of which c.100 person-hours in the field (six persons, 2.5 days) and 40 hours on aerial photo interpretation (20 h/km 2 ).
Mapping from Aerial Photographs
We found that the mapping instructions of the 3Q Monitoring Programme for Agricultural Landscapes were highly suitable for mapping Havrå. Interpretation of the aerial photographs for year zero showed that over a third of the protected cultural landscape comprised forest (Table 3) , mostly deciduous. Almost a third was unmanaged open land, including grassland, heath, and juniper bushland, with no traces of grazing or cutting. Six percent of the area was fully cultivated land, 1.8% hay meadows and 24.2% was grazing land, of which half had some degree of bush and tree cover. Most of the grazing was on infield pasture and just 2.4% in the outfields. Only 0.6% of the protected area was built-up.
The aerial photos from 1951 were of poorer quality, but nevertheless gave an indication of the landscape composition in the reference period. In 1951, there was far less forest (11.1%), whilst unmanaged open land occupied the greatest area (37.6%). Less than 1% of the area was fully cultivated, whilst 5.4% was used for cutting hay. Around 40% of the landscape was used for some form of grazing, twice as much as in 2013. About half of this was grazing in the outfields, which had declined to a tenth by 2013. In 1951, there was only a third as much built land (0.2% of the landscape) as in 2013, most of the change being due to the building of a road into the area.
Registration of linear features (Table 4) showed that the number and total length of hay-drying racks was much reduced, whereas the total registered length of fences and paths had increased. The largest change concerned drainage ditches, most of which were established during new cultivation of farmland in the upper part of the area. The length of stone walls and terrace walls was quite stable. 
Ground Photography
A total of 475 photographs were taken, five photos from each of the 49 pre-defined photo-points and 46 supplementary photo-points. File names were standardised to include information about the location and direction of each photo. Photographs taken from the pre-defined photo-points ensured coverage of the entire protected area. They included buildings and other valued landscape elements (Figure 4) , as well as parts of the area without any prominent elements of defined value, that nevertheless contribute to the landscape character of the area ( Figure 5 ).
Some supplementary photo-points were chosen on the basis of historical photographs from the reference period. One photograph taken from these points thus documents continuity or change in relation to the desired state of the area, in addition to providing a basis for future monitoring ( Figure 6 , especially Figure 6a1,a2) . The photographs into freely chosen directions from all photo-points (Figures 4e, 5e and 6e) add attractive scenes with the potential to provide good story-telling photographs in the future.
Field Recording of Buildings
A total of 75 buildings were recorded, 19 of which were ruins or foundation walls only. The clustered farm settlement included 32 buildings, whilst the remainder included summer barns, mills and cabins. Only three, relatively younger buildings were located in the upper, northern part of the Cultural Heritage Environment. These were connected to the use of the area by neighbouring livestock farmers as tenants: a cabin, a barn and a shed. Records include, for example, use status ( Figure 7 ) and physical features as exemplified by juniper wall cladding (Figure 8 ).
Some supplementary photo-points were chosen on the basis of historical photographs from the reference period. One photograph taken from these points thus documents continuity or change in relation to the desired state of the area, in addition to providing a basis for future monitoring ( Figure  6, especially 6a1, 6a2) . The photographs into freely chosen directions from all photo-points ( Figures  4e, Figure 5e and Figure 6e ) add attractive scenes with the potential to provide good story-telling photographs in the future. 
A total of 75 buildings were recorded, 19 of which were ruins or foundation walls only. The clustered farm settlement included 32 buildings, whilst the remainder included summer barns, mills and cabins. Only three, relatively younger buildings were located in the upper, northern part of the Cultural Heritage Environment. These were connected to the use of the area by neighbouring livestock farmers as tenants: a cabin, a barn and a shed. Records include, for example, use status ( Figure 7 ) and physical features as exemplified by juniper wall cladding (Figure 8 ). 
Public Participation
The interviewees had different degrees of affiliation with the landscape. At one end of the scale were those, now in their eighties, who had been born at Havrå or neighbouring farms, and lived and farmed there their entire lives. Others had left the farm in their youth, but later helped with farm work in their free time. There were also those who had used the area for holidays and recreation in their youth, either returning regularly over the years, or returning after a longer absence. Two of the interviewees had been working at the Havrå museum for 10-15 years.
All interviewees expressed strong attachment to the area and said that it meant a great deal to them. Most were concerned that the current owners in the area had insufficient time and workforce to keep the farm in good shape, as befitting for a nationally protected landscape and to honour the memory of their hard-working ancestors. Moreover, all interviewees saw the clustered settlement as 
All interviewees expressed strong attachment to the area and said that it meant a great deal to them. Most were concerned that the current owners in the area had insufficient time and workforce to keep the farm in good shape, as befitting for a nationally protected landscape and to honour the memory of their hard-working ancestors. Moreover, all interviewees saw the clustered settlement as the most central aspect of cultural heritage and the core of the protected landscape. However, there were divergent views on whether its current status reflected that of the reference period. Some buildings show signs of neglect, paths between the buildings are eroded and some interviewees believed that poor workmanship on building maintenance and the introduction of new elements (see, e.g., satellite dishes; Figure 4a) were spoiling the settlement.
Farm tracks and paths were emphasised as important for enabling visitors to experience the entire Cultural Heritage Environment. There were different views on which paths should be prioritised, but agreement on the need to improve physical and visual accessibility by clearing bushes and trees.
The pre-industrial field structure was also seen as an essential aspect of the protected landscape, requiring maintenance of marker stones, which indicate the property boundaries among farm holdings and dictated who worked where in the very limited area of infields. The stones are quite inconspicuous, and their function is not necessarily obvious to visitors. Therefore, there was some fear that the stones might become neglected landscape elements in Havrå Cultural Heritage Environment. There was also great concern that many areas are no longer used for hay-making, and that there are too few animals on the farm to maintain the pastures. However, there was no agreement about solutions. The historic landscape was characterised by labour intensive harvesting and a high degree of cooperation. Today, there are few people farming the land and few management agreements between landowners. Lack of communication has led to distrust about harvesting of jointly owned land.
The northern part of the landscape, which cannot be seen from the clustered settlement and where the land has been cultivated and rented out, is not seen as a natural part of the protected landscape. Nevertheless, management of the upper area and a connecting forestry track are relevant, since run-off affects the farmland lower down, closer to the settlement.
In addition to providing their perspectives on the physical elements of the Cultural Heritage Environment, the interviewees also provided information about immaterial values associated with the landscape. In particular, they could tell about the way things were done, both physical practices but also underlying customs and unwritten «rules». This could include tacit knowledge [37] , i.e., skills that are transferred through working together rather than any formal training. Examples include both historical farming practices, but also maintenance and repair of buildings and tools. When many people lived on the farm, managing their privately-owned buildings and farm plots as well as communal land, good coordination of tasks and working together was essential. Today's museum, which manages just three properties, cannot compensate for the decline in the number of people (and workforce) living in the settlement and farming the land. Interviewees differed in the degree to which they considered it acceptable to manage some parts of the area and buildings with modern tools and methods.
Discussion
The different methods we have demonstrated for monitoring a landscape are complementary, capturing different landscape qualities, both material and immaterial, with very little redundancy. Quantitative methods, such as changes in the area of different land types, can be put into context through qualitative approaches, such as re-photographing old landscape photographs or stakeholder interviews. An example from Havrå might be the building of the road into the area, which affected only a very small proportion of the total area but has been important for the functioning of the landscape. The road altered the direction of transport, severing the previous strong connection to the fjord, and altering the perceived relationships between different aspects of cultural heritage. At the same time, management authorities and stakeholders might tend to focus on the relatively small area of the clustered settlement and surrounding infields, whilst the mapping from aerial photographs can identify changes throughout the entire landscape and highlight the cumulative effects of many small changes over time, such as the gradual replacement of open vegetation with bushes and trees.
We recognise that the costs of monitoring will often limit the methods that can be used, and the set demonstrated here might be considered an ideal set of monitoring methods that is often unattainable. However, monitoring is a long-term endeavour and the interval between repeat surveys does not need to be fixed. It is possible for a programme to alternate between different modules, perhaps extending the length of the monitoring cycle in order to capture more aspects of landscape change. This may be especially relevant for protected Cultural Heritage Environments, where one would expect a rather low level of landscape change.
In this project, we were fortunate to have access to the staff who carry out the mapping from aerial photographs for the national Agricultural Landscape Monitoring Programme, who are well-trained in the use of appropriate detailed mapping instructions. Developing and documenting such mapping instructions for the first time and training staff to use them is a considerable undertaking, which might prove prohibitively costly for a small, "one-off" monitoring project. Nevertheless, we would strongly emphasize the usefulness of investing in standardised mapping instructions that can be used across multiple projects over many decades.
Landscape monitoring programmes differ in the length of their monitoring cycle, e.g., three years [38] , five years [17, 20] , or even irregular intervals dependent on financing [14] . The length of the cycle will usually be a compromise between a desired frequent interval that can provide rapid feedback about ongoing landscape change, and economic and logistical constraints. Although always striving for methods that are observer independent, using the same, trained staff who are familiar with the monitoring methods is likely to be more time-efficient and ensure more consistent and reliable results than training a new set of staff for each new survey. A rolling survey, where a portion of sites are monitored each year, is therefore a good solution for maintaining competency in monitoring methods.
For a protected area, where change should not be large, it may be better to use a longer interval between land cover / land use mapping and alternate with monitoring of other landscape qualities, such as field recording of specific cultural heritage and monitoring of immaterial values. At Havrå, we have seen that the landscape has undergone rather large changes from 1951 to 2013, but we expect that the changes during the subsequent five years have been relatively small, especially in the landscape directly surrounding the clustered settlement. Based purely on five-year mapping results, one might assume that the protection of the area was securing the cultural landscape. However, the interviews with landowners revealed that this is a landscape on the brink of change. The current landscape is being maintained primarily by a museum, which has rights of use for only a part of the area. The land use is artificial, in the sense that no farmer could make a living purely from farming this land. It is unreasonable to expect that the subsistence farming that created the landscape could be resumed, even if some individuals might find this an interesting lifestyle. Probably a more sustainable solution would be to develop sources of income from tourism and educational activities. This requires a discussion about authenticity, a coordinated strategy to develop the area in a sensitive way, and clear agreements about who does what and how the economic proceeds are to be divided. These issues are beyond the scope of this paper, but highlight the fact that different monitoring methods may be needed to uncover driving forces of change, before these are seen in the landscape in the form of land use and land cover changes.
Regarding land use and land cover, it should be mentioned that there has been a long-standing debate about mixing these two terms in classification systems [39] [40] [41] . Nevertheless, for our purposes, we found the 3Q classification system to be a useful compromise, where land cover is interpreted to provide as much information as possible about land use. We know that open vegetation types in this landscape indicate some form of harvesting. The presence of hay-drying racks can indicate that they are held open by cutting the grass for hay. Signs of animal tracks indicate that they are used for grazing. At low grazing intensity, these tracks become less visible in the aerial photographs and the interpretation is more difficult, but if bushes and trees have appeared on an area that was formerly open, this is a good indication that grazing has ceased, or at least is insufficient to maintain the open vegetation. The 3Q classification system also has a category for cases where it is uncertain whether harvesting or grazing still occurs. In a monitoring perspective, we are interested in land cover because this affects how the landscape is experienced, both by wildlife and people. However, we are also interested in land use because this both influences and reflects how the landscape is experienced, as well as being an indicator of how the landscape has been used in the past and will change in the future. Interestingly, interpretation of the 1951 aerial photographs indicated that, even in the reference period, a large part of the landscape was probably undergoing change from previous times. The dominant land category was unmanaged open land, yet, in this landscape, most land will eventually become covered with forest if there is no management.
We have stressed the concept of year zero, as being the first year of reliable, well-documented data collection that provides the foundation for all future monitoring. In practice, a strict year zero may be difficult to achieve, as illustrated here by the fact that the aerial photographs were from 2013, whilst the fieldwork was carried out in 2015. Such is often the case when dependent on aerial photographs from an area, especially in Norway where cloud cover can seriously influence plans for aerial photography. In the 3Q Programme, which aims for a five-year monitoring cycle, aerial photographs are accepted from four to seven-year intervals, if five years is not available. The interval of change is then standardized by calculating average annual change multiplied by five.
Although year zero is the start of systematic monitoring, we have also shown that data from the reference period or a support year can provide valuable information about landscape change. We were able to use older aerial photographs for mapping, which gave a general impression of the main land use and land cover changes, even though some objects or land types were not possible to decipher from the older, poorer quality photos. The important detail here is that the mapping instructions were the same, and the information from the two sets of aerial photographs were examined together, so that we can be confident that recorded changes were real and not due to differences in mapping methodology. We also had success using ground photographs from reference period and support years, and were able to integrate the old photographs into the new methodology by establishing additional photo-points, with GPS coordinates and photos in all directions for future use. This provided a much greater time-span of story-telling photographs that illustrate changes in visual qualities in the area.
In addition, regarding public participation, some data are available from the reference period. In the film of Havrå from 1952, inhabitants express their attitudes and perspectives regarding landscape qualities and the management of the area. The film makes clear the enormous changes that have occurred in lifestyles over a 60-70 year period, together with associated values of land, time and human labour. Indeed, even over a short period, stakeholder attitudes may change rather profoundly and quickly. Our results identified deficits in mutual communication among landowners as a crucial challenge to effective heritage management. However, subsequent to publication of our reports in late 2016 [42, 43] , we received feedback from a participant that the level of dialogue among landowners and with regional authorities has much improved since late 2015-early 2016, partly in connection with generational change on several farm holdings.
Regarding monitoring technology, one can expect further development in the future. As the resolution of satellite images increases, they may replace aerial photographs in land cover and land use change monitoring, without compromises in degree of detail [44] . Unmanned aerial vehicles may enable recording over small areas, to gather specific data on demand. Moreover, improved processing capacity of large amounts of data is likely to make possible various automated analyses, for example detecting changes in terrain, land cover and human-made landscape features such as buildings. Nevertheless, for current needs and the near future, we see great power in the visualisation of landscape continuity and change through aerial photography [45] and repeat on-ground photography. These methods also provide material that will be of use in combination with the new technology in the future [46] [47] [48] .
Conclusions
This paper has demonstrated a comprehensive monitoring programme for a protected Cultural Heritage Environment. We have stressed the need for repeatable, well-documented methods to provide reliable measurements of status and change. Already in the first round of monitoring, and with some help from supporting historical data, we have detected challenges in terms of maintaining or
